INTRODUCTION
============

Aspergillosis of the central nervous system (CNS) is a very rare disease in immune-competent patients[@B11]. Aspergillosis of the CNS could cause an altered mental status, seizures, and focal neurologic symptoms[@B7],[@B23]. It can present as aseptic meningitis, solitary or multiple CNS abscess and cerebral infarction[@B1],[@B5],[@B6]. The main route of infection is the inhalation of spores into the lungs which is the primary site of infection leading to the hematogenous spread to other organs[@B6],[@B22]. The mortality rate of this infection is very high, and early diagnosis and rapid treatment are crucial[@B25],[@B26].

We report the case of a healthy man without a history of immune-compromised disease who presented with multiple nodular enhancing aspergillosis in the right cerebral hemisphere and had the good clinical outcome after adequate conservative treatment after biopsy.

CASE REPORT
===========

A 48-year-old man with diabetes mellitus, presented to the department of ophthalmology with the complaints of blurred vision that persisted for one month. There was defected visual accuracy in the left eye about 18 years ago. In ophthalmologic examination, there was no new lesion in the both eyes. The laboratory examinations were within normal range. The random blood glucose was 164 mmol/L and the glycosylated hemoglobin was 8.1%. Upon further evaluation, magnetic resonance imaging (MRI) of the brain showed a low-signal intensity on T1-wighted images and a high-signal intensity on T2-weighed images ([Fig. 1A, B](#F1){ref-type="fig"}). After gadolinium enhancement, multiple nodular enhancing lesions with or without a focal necrotic area were shown in the right frontotemporoparietal cortex and white matter ([Fig. 1C, D](#F1){ref-type="fig"}). The diffusion image appeared with high-signal intensity in these areas ([Fig. 1E](#F1){ref-type="fig"}). The magnetic resonance spectroscopy obtained from the right occipital region showed elevated lactate/lipid peaks, with mild decreased N-acetylaspartate and no elevation of choline, which suggested necrotic conditions. The lumbar-puncture examination cerebrospinal fluid did not show any infection signs. The body fluid parasite and anti-human immunodeficiency virus levels in the cerebrospinal fluid were negative.

An occipital craniotomy and biopsy was performed using the guidance of neuronavigation. In the operative field, there was a reddish color change of the cortex and the thickened arachnoid membrane had a yellowish color change ([Fig. 2A](#F2){ref-type="fig"}). There was no definitive mass lesion. By using grasping forcep, the biopsy was done in the yellowish white matter. The biopsy showed many inflammatory cells containing some hyphae with the positive periodic acid-shiff stain ([Fig. 2B](#F2){ref-type="fig"}). The pathology result showed a brain abscess caused by fungal infection that had the morphologically of aspergillus. Amphotericin B (50 mg/day) therapy was immediately started after the biopsy confirmation, but there were swelling, and skin eruptions at injection site, and fever. On the 3rd day of treatment, the antifungal agent was changed to ambisome (3 mg/kg/day). After 6 days, the serum creatinine level became elevated to 1.9 mg/dL and the antifungal agent was changed with voriconazole (400 mg/day). Voriconazole therapy was maintained for 3 months. The subjective visual symptom improved. There was no recurrence noted at the one year follow up MRI, but the remaining focal enhanced lesions were visible in the right temporal and occipital area ([Fig. 1F](#F1){ref-type="fig"}).

DISCUSSION
==========

Central nervous system aspergillosis is a rare disease in immuno-competent patients but there is a poor prognosis and a very high mortality (88-99%)[@B7],[@B16],[@B22]. The stress of surgery may be a risk factor for fungal infection[@B15],[@B16]. Broad-spectrum antibiotics over a 3 month period could be a predisposing factor for CNS aspergillosis[@B4],[@B18]. The abuse of antibiotics may be a predisposing factor for CNS aspergillosis. This patient did not have any immuno-compromized disease other than those linked with diabetes mellitus.

Systemic aspergillus can be a risk factor of CNS aspergillosis[@B22]. Aspergillus invasion of the CNS usually occurs by the hematogenous spread from primary sources (such as the lungs or gastrointestinal tract)[@B6],[@B22]. This case did not show the systemic aspergillosis. Because of its ability to digest elastin in the vessel walls, the fungus makes a highly virulent and angioinvasive organism[@B6],[@B22]. Hyphal elements may also grow through the vessel wall, compromising the structural integrity of the vessel wall and constructing aneurysms[@B6],[@B7],[@B10],[@B16],[@B22], so larger arteries could be ruptured and lead to hemorrhage. In addition, hyphal elements may occlude the lumen of the vessels completely, leading to ischemic stroke. Aspergillosis tends to occlude perforating arteries, so ischemic lesions may appear in sites that are rarely affected by other infectious organisms, such as the basal nuclei, thalami, corpus callosum, and brainstem[@B1],[@B3],[@B28].

Neuroimaging is useful in the diagnosis of CNS aspergillosis. In a brain computed tomography, the lesions have low attenuation and may be accompanied by hemorrhagic change[@B6],[@B16],[@B22]. This case showed a low dense lesion without hemorrhage. Aspergillus abscesses generally appear as hypointense on non-enhanced T1-weighted MR images, but in some cases, high signal intensity lesions may be seen. The shortened T1 relaxation times may be related with the presence of iron, manganese, or methemoglobin in aspergillosis abscesses. In addition to abscess formation, CNS aspergillosis can rarely associated with mycotic aneurysm[@B1],[@B8]. Hemorrhagic lesions occur in 25% of cases[@B1],[@B28]. Dependent on the level of the inflammatory reaction, enhancement appears with variable features, with the stage of the infection and the immunity of the patient[@B1],[@B6]. On T2-weighted MR images, the lesions of low signal intensity at the periphery correspond to hemorrhage and can be seen on gradient-echo T2-weighted images[@B1],[@B27]. Zinreich et al.[@B30] demonstrated that the areas of low signal intensity on T2-weighted images were traced to the presence of iron, manganese, and magnesium in the fungal structures. Aspergillus abscesses have a dense population of hyphal elements peripherally, with a relative small lesions of fungal elements centrally, a feature that contributes to the distinct peripheral low signal intensity on T2-weighted images[@B1],[@B5]. On diffusion-weighted images, most CNS fungal abscesses appear in high signal intensity central areas, caused by the restricted diffusion of water in the presence of coagulative necrosis and polymorphonuclear cells, and the rim of the abscess may appear hypointense, caused by hemorrhagic or iron products[@B1],[@B20],[@B24]. The ring enhancement lesions, especially in patients without known immunodeficiencies, can be solitary or multiple lesions[@B21],[@B26],[@B28]. The ependymal and leptomeningeal enhancements are rare lesions, but dural enhancement may be visible[@B6],[@B16],[@B22]. In immune-compromised patients, multiple ring enhancing lesions should distinguish lymphoma, metastatic disease, and multiple abscesses[@B20],[@B23].

In this case, the MRI showed low-signal intensity on T1-wighted images and high-signal intensity on T2-weighed images with multiple nodular enhancing lesions in the right cerebral cortex and white matter. Also there was diffuse diffusion restriction in these areas. It was difficult to get the provisional diagnosis of fungal infection because the patient was immuno-competent with multiple enhancing lesions.

The definitive diagnosis is made with special staining and histopathological tests[@B19]. Hyphae with 45 degrees branches is a typical and specific finding for aspergillosis[@B11],[@B14]. As a routine procedure, a surgical biopsy may help for the early diagnosis and subsequently early intervention[@B4],[@B13]. In unusual neuro-imaging appearances, even in patients that are immune-competent, treatment and evaluation about the fungal infection should be started as soon as possible with the hope for a better outcome. A search for the evidence of coexisting pulmonary or sinus infections should occur when evaluating this disease[@B1],[@B23].

In CNS aspergillosis, a main cause of poor prognosis is the delay in diagnosis and the low penetration of antifungal agents into the CNS[@B25],[@B26]. The standard treatments of aspergillosis are the intravenous injection of amphotericin B or flucytocine and the oral medication of itraconazole[@B17]. Recently, a voriconazole is recommended for CNS aspergillus infection. But, this agent is expensive, so the actual medication is restricted. Even with high dose antifungal agents, the fatality rates range from 28% and 86%. The other fungal agents are, posakonasole and caspofungin. Amphotericin-B is a very useful antifungal agent, but has adverse effects (renal and hepatic toxicity, anemia, fever and electrolyte abnormalities), therefore therapeutic use is limited[@B2],[@B11]. A study by Herbrecht et al.[@B9] compared voriconazole and amphotericin B in invasive aspergillus, and the success rate of treatment was high for voriconazole. In invasive aspergillus, many reports accepted that the efficacy and survival rate is higher with voriconazole than amphotericin B[@B9],[@B11]. A total or subtotal resection may be effective in a focal CNS aspergillosis lesion and one study showed that mortality can be reduced from 64% to 39%[@B4],[@B29]. Treatment of an antifungal agent alone has revealed a mortality of \>90% in most series[@B4],[@B12]. However, this case showed a good prognosis. This patient had been treated for 3 months and showed a complete radiologic response.

CONCLUSION
==========

This immune-competent patient showed the multiple enhancing CNS aspergillosis on the cerebral hemisphere, which showed a good outcome with antifungal agents. Although there was no history of immunodeficiency, early diagnosis and treatments are necessary a good outcome for the patient.

![Radiologic findings. A and B : In brain MRI, there are low-signal intensity on T1-wighted axial images and high-signal intensities in the T2-weighed axial image on right occipital cortex. C and D : Multiple enhancing nodules with necrotic change are shown in right frontotemporoparietal cortex and white matter. E : In diffusion MRI, the high-signal intensity lesions are shown in right frontotemporoparietal cortex and white matter. F : The recurrence does not appear in the right temporal and occipital area with remaining focal enhanced lesions.](jkns-53-312-g001){#F1}

![Operative and pathologic findings. A : There was no definitive mass lesion, but reddish tissues of the cortex and the thickened yellowish arachnoid membrane are shown. B : In the biopsy, there are shown the hyphaes with the positive periodic acid-shiff staining (original magnification ×200).](jkns-53-312-g002){#F2}
